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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an engine start device 
enabling self-starting without using a starter. 
SOLUTION: Control unit 30 detects a cylinder in expansion 
stroke and emits and ignites fuel and restarts engine. Valve 
timing phase variable mechanism 44 controls open/close timing 
of an intake valve of a cylinder in compression stroke. Control 
unit 30 controls closing timing of an intake valve by valve timing 
phase variable mechanism 44 so that an intake valve of a 
cylinder in compression distance for the timing of fuel emission 
and ignition of a cylinder in expansion distance. 
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* NOTICES * 

JPO and NCIPX are not responsible £or any 
damages caused by the use of tbis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A fuel-injection means to inject a fuel directly into a cylinder, and a crank angle detection means 
to detect the crank angle at the time of an engine shutdown. In the engine starting system which the gas 
column which exists like an expansion line is detected [ starting system ], and a fuel is injected and lit 
[ starting system ], and makes an engine restart after an ignition means to light the gaseous mixture in a 
cylinder, and a halt of an engine Engine starting system characterized by having the low voltage 
compression control means to which the compressive force of the gas column in a compression stroke is 
reduced at the time of restart. 

[Claim 2] It is the engine starting system characterized by to consist of a control means which controls the 
closed stage of the inlet valve by the above-mentioned valve-timing phase adjustable means so that a valve- 
timing phase adjustable means control the closing-motion timing of the inlet valve of the gas column which 
the above-mentioned low-voltage compression control means has in the above-mentioned compression 
stroke in engine starting system according to claim 1 , and the inlet valve of the gas column which is in the 
above-mentioned compression stroke at the time of fuel injection and ignition in the gas colunm which 
exists like the above-mentioned expansion line may open. 

[Claim 3] It is the engine starting system carried out [ that the above-mentioned low voltage compression 
control means consists of a control means which controls the above-mentioned auxiliary exhaust valve in 
engine starting system according to claim 1 so that the auxiliary exhaust valve prepared in the exhaust side 
of the gas colunm in the above-mentioned compression stroke and the above-mentioned auxiliary exhaust 
valve of the gas column which is in the above-mentioned compression stroke at the time of fuel injection 
and ignition in the gas column which exists like the above-mentioned expansion line may open, and ] as the 
description. 

[Claim 4] The engine starting system characterized by to have the high-pressure expansion control means 
which enlarges the expansion force at the time of the above-mentioned restart in the engine starting system 
which the gas column which exists like an expansion line detects [ starting system ], and a fuel injects and 
lights [ starting system ], and makes an engine restart after a fuel-injection means inject a fuel directly into a 
cylinder, a crank-angle detection means detect the crank angle at the time of an engine shutdown, an ignition 
means light the gaseous mixture in a cylinder, and a halt of an engine. 

[Claim 5] In engine starting system according to claim 4 the above-mentioned high-pressure expansion 
control means The adjustable valve timing means which carries out adjustable [ of the closing motion timing 
of the inlet valve of the gas column which exists like an inhalation-of-air line at the time of restart, and an 
exhaust valve ], While controlling the above-mentioned adjustable valve timing means to close the above- 
mentioned inlet valve and exhaust valve of a gas column which exist like the above-mentioned inhalation- 
of-air line at the time of fuel injection and ignition in the gas colunm which exists like the above-mentioned 
expansion line Engine starting system characterized by becoming the cylinder of this gas colunm from the 
control means which injects a fuel and lights it. 

[Claim 6] It is the engine starting system characterized by preparing like empty inhalation of air and an 
empty exhaust air line at the back like expansion / exhaust air line of the gas column which the above- 
mentioned control means has like the above-mentioned inhalation-of-air line in engine starting system 
according to claim 5. 

[Claim 7] It is the engine starting system characterized by consisting of a high-pressure air supply means to 
supply high-pressure air to the gas column which the above-mentioned high-pressure expansion control 
means has like an expansion line in engine starting system according to claim 4 at the time of restart, and a 
control means controlled to supply high-pressure air from the above-mentioned high-pressure air supply 
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means at the time of fuel injection and ignition in the gas column which exists like the above-mentioned 
expansion line. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the engine starting control unit which puts an engine into 
operation, without starting the engine starting system which puts an engine into operation, and using a 
starter especially. 
[0002] 

[Description of the Prior Art] When an automobile ran a city area conventionally and it had stopped in the 
waiting for a signal, the time of delay, etc., since the engine was continuing rotation in the state of the idling, 
it had caused aggravation of specific fuel consumption, the increment in an exhaust gas, aggravation of a 
degree of comfort, and the increment in the noise. Stopping an engine is known, when it is judged there that 
the automobile has stopped certainly as indicated by JP,58-18557,A. When predetermined restart condition 
is ready on the occasion of restart, he is trying to make an engine restart using a starter motor. However, 
since it developed using it originally only at the time of engine starting as a premise, if the starter motor was 
in the engine which repeats a halt and restart fi-equently, the extreme increment in a starter use count was 
caused, the starter and the life of the circumference component became short, and it had a possibility that 
engine restart might become impossible by breakage or consumption. Moreover, since the charge-and- 
discharge load of a dc-battery also increased with the increment in use of a starter, the life of a dc-battery 
became short, or at the time of a rainfall, when there was much discharge current, discharge of a dc-battery 
increased Nighttime etc., restart became impossible, and in other words, there were a charge of an AC 
dynamo and a possibility of a drive load having increased and causing aggravation of fuel consumption. 
[0003] What carries out self-starting of the engine is known there by making the range of 5 degrees - 1 10 
degrees stop a piston behind a top dead center at the time of a halt of an engine, and lighting, after injecting 
the fuel according to the air content in a cylinder at the time of starting as indicated by JP,1 1-125136,A. By 
this, the power which the starter motor consumed at the time of the conventional starting is reduced, 
lightweight-ization of a starter motor and auxiliary machinery is attained, or a starter is abolished 
completely, and it becomes possible to aim at the formation of small lightweight and cost cut of an engine 
system, 
[0004] 

[Problem(s) to be Solved by the Invention] However, about the method indicated by JP,1 1-1 25 136, A, when 
this invention persons experimented, it became clear for self-starting to be impossible. That is, the multiple 
cylinder engine, for example, the 4-cylinder engine lit in order of each gas column of 1-3-4-2, was taken for 
the example, and if the gas column used for self-starting is made into the 1st cylinder, occasionally [ line / 
cylinder / 1st / expansion ] cylinder [ 3rd ] compression has started. Therefore, with the torque produced by 
combustion of the cylinder [ 1st ] beginning, cylinder [ 3rd ] compression could not be performed, but the 
engine stopped as it is, and it became clear that self-starting went wrong. 

[0005] The purpose of this invention is to offer the possible engine starting system of self-starting, without 

using a starter. 

[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, (1) This invention A fuel- 
injection means to inject a fuel directly into a cylinder, and a crank angle detection means to detect the crank 
angle at the time of an engine shutdown. In the engine starting system which the gas column which exists 
like an expansion line is detected [ starting system ], and a fuel is injected and lit [ starting system ], and 
makes an engine restart after an ignition means to light the gaseous mixture in a cylinder, and a halt of an 
engine At the time of restart, it has the low voltage compression control means to which the compressive 
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force of the gas column in a compression stroke is reduced. Self-starting may be carried out without 
reducing the compressive force which consumes the torque generated like the expansion line, and using a 
starter by this configuration. 

[0007] (2) Make it the above-mentioned low- voltage compression control means consist of a control means 
which controls the closed stage of the inlet valve by the above-mentioned valve timing phase adjustable 
means preferably, in the above (1), at the time of fuel injection and ignition in a valve timing phase 
adjustable means control the closing motion timing of the inlet valve of the gas column in the above- 
mentioned compression stroke, and the gas column which exists like the above-mentioned expansion line, so 
that the inlet valve of the gas column in the above-mentioned compression stroke may open. 
[0008] (3) Make the above-mentioned auxiliary exhaust valve become preferably, in the above (1), from the 
control means control so that the auxiliary exhaust valve prepared in the exhaust side of the gas colunm in 
the above-mentioned compression stroke and the above-mentioned auxiliary exhaust valve of the gas 
colunm which is in the above-mentioned compression stroke at the time of fuel injection and ignition in the 
gas column which exists like the above-mentioned expansion line may open the above-mentioned low 
voltage compression control means. 

[0009] In order to attain the above-mentioned purpose, (4) Moreover, this invention A fuel-injection means 
to inject a fuel directly into a cylinder, and a crank angle detection means to detect the creink angle at the 
time of an engine shutdown, In the engine starting system which the gas column which exists like an 
expansion line is detected [ starting system ], and a fuel is injected and lit [ steirting system ], and makes an 
engine restart after an ignition means to light the gaseous mixture in a cylinder, and a halt of an engine, it 
has the high-pressure expansion control means which enlarges expansion force at the time of the above- 
mentioned restart. Self-starting may be carried out without enlarging torque generated like the expansion 
line and using a starter by this configuration. 

[0010] In the above (4) preferably (5) The above-mentioned high-pressure expansion control means The 
adjustable valve timing means which carries out adjustable [ of the closing motion timing of the inlet valve 
of the gas column which exists like an inhalation-of-air line at the time of restart, and an exhaust valve ], 
While controlling the above-mentioned adjustable valve timing means to close the above-mentioned inlet 
valve and exhaust valve of a gas column which exist like the above-mentioned inhalation-of-air line at the 
time of fuel injection and ignition in the gas column which exists like the above-mentioned expansion line, it 
is made to become the cylinder of this gas column from the control means which injects a fuel and lights it. 
[001 1] (6) In the above (5), the above-mentioned control means prepares like empty inhalation of air and an 
empty exhaust air line preferably at the back like expansion / exhaust air line of the gas column which exists 
like the above-mentioned inhalation-of-air line. 

[0012] (7) Make it the above-mentioned high-pressure expansion control means consist of a high-pressure 
air supply means to supply high-pressure air to the gas column which exists like an expansion line at the 
time of restart, and a control means controlled to supply high-pressure air from the above-mentioned high- 
pressure air supply means at the time of fuel injection and ignition in the gas column which exists like the 
above-mentioned expansion line preferably in the above (4). 
[0013] 

[Embodiment of the Invention] Hereafter, the configuration of the engine starting system by the 1st 
operation gestalt of this invention is explained using drawing 1 - drawing 7 . First, drawing 1 is used and the 
whole engine starting system configuration by this operation gestalt is explained. In addition, in the 
following explanation, the multiple cylinder engine by this operation gestalt is used as the 4-cylinder engine 
lit in order of each gas column of 1-3-4-2, and makes the 1st cylinder the gas column used for self-starting. 
Drawing 1 is the block diagram showing the whole engine starting system configuration by the 1st operation 
gestalt of this invention. 

[0014] The fuel injection valve 10 is attached so that a direct fuel may be injected in a cylinder 20. The fuel 
quantity and injection timing which are injected from a fuel injection valve 10 are controlled by the control 
unit 30. The inlet valve 40 and the exhaust valve 50 are formed in the upper part of a cylinder 20. Moreover, 
the ignition plug 60 is formed in the upper part of a cylinder 20. The ignition timing by the ignition plug 60 
is controlled by the control unit 30. 

[001 5] Through a connecting rod 72, the reciprocating motion of the piston 70 which moves up and down 
within a cylinder 20 is transmitted to a crankshaft 74, and rotates a crankshaft 74. Rotation of a crankshaft 
74 rotates a ring gear 76 similarly. 

[0016] The crank angle sensor 80 detects an engine rotational speed, i.e., angle of rotation of a crankshaft 
74, using a ring wheel 76. The detected signal is incorporated by the control unit 30. A stopper 90 engages 
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with a ring gear 76, and suspends rotation of a crankshaft 74. 

[0017] The valve timing phase adjustable device 44 is attached in the cam 42 to which an inlet valve 40 is 
moved. The valve timing phase adjustable device 44 can advance or delay closing motion of an inlet valve 
40 to the crank angle set up beforehand, and is controlled by the control unit 30. The valve timing phase 
adjustable device 44 is formed only in the 3rd cylinder of the engines of a 4-cylinder. That is, when there is 
the 1 st cylinder used for self-starting like an expansion line, the 3rd cylinder of the valve timing phase 
adjustable device 44 is formed in the gas column which is in a compression stroke and is in this compression 
stroke. 

[0018] At the time of an engine shutdown, the detecting signal of the crank angle sensor 80 is used for a 
control unit 30, and it controls a stopper 90 so that a crank angle makes it stop in the location in which a 
starter loess start is possible. Moreover, a control unit 30 stops injection of the fiiel from a fuel injection 
valve 10, and suspends supply of the ignition signal to an ignition plug 60 further. About the detail of the 
control at the time of the engine shutdown by the control unit 30, it uses drawing 2 and mentions later. 
[001 9] At the time of engine starting, the detecting signal of the crank angle sensor 80 was used for the 
control unit 30, and the inlet valve 40 and the exhaust valve 50 have closed it, and it detects the gas column 
which a piston 70 pushes a connecting rod 72, and is beginning to fall, namely, has it like an expansion line. 
And into the cylinder 20 of the gas column like an expansion line, a fuel is injected from a fuel injection 
valve 10, an ignition signal is supplied to an ignition plug 60, and the fuel spray in a cylinder 20 is lit. About 
the detail of the control at the time of engine starting by the control unit 30, it mentions later using drawing 
4. 

[0020] Next, the contents of control at the time of the engine automatic stay by the control unit of the engine 
starting system by this operation gestalt are explained using drawing 2 . Drawing 2 is a flow chart which 
shows the contents of control at the time of the engine automatic stay by the control unit of the engine 
starting system by the 1st operation gestalt of this invention. 

[0021] In steps sl00-sl20, a control unit 30 performs processing for checking that it is in the condition 
which the automobile has stopped certainly. That is, in step si 00, a control unit 30 judges whether it is 
vehicle speed zero. Since it progresses to step si 05 when the vehicle speed is zero, and the automobile has 
not stopped certainly when the vehicle speed is not zero, it returns to step si 00. [0022] Next, in step si 05, a 
control unit 30 judges whether the brake is stepped on. When the brake is stepped on, it progresses to step 
sllO, and since the automobile has not stopped certainly when the brake is not stepped on, it returns to step 
slOO. 

[0023] Next, in step si 10, a control unit 30 checks a navigation system. Here, when the navigation system is 
not directing right-tum, it progresses to step si 15, and since it may turn to the right promptly after this and 
the automobile has not stopped certainly when the navigation system is directing right-tum, it returns to step 
si 00. 

[0024] Next, in step si 1 5, a control unit 30 checks a turn signal. Here, when it progresses to step sl20 when 
the turn signal is not directing right-tum, and the tum signal is directing right-tum, since it might turn to the 
right promptly after this, or the tum signal is turned on for start and the automobile has not stopped 
certainly, it retums to step si 00. 

[0025] Next, in step si 20, a control unit 30 judges whether fixed time amount progress is carried out, after 
being in a idle state (after satisfying the requirements for steps slOO-sl 15). When fixed time amount has 
passed, it progresses to step si 25, and since the automobile has not stopped certainly when fixed time 
amount has not passed, it retums to step si 00. 

[0026] The requirements for steps sl00-sl20 are satisfied, and if it is judged that the automobile has stopped 
certainly, in step sl25, a control unit 30 will suspend the fuel injection from a fuel injection valve 10. 
Furthermore, in step si 30, a control unit 30 omits ignition by the ignition plug 30. 

[0027] Next, in step si 35, as for a control unit 30, an engine engine speed judges whether it is below the 
engine speed Nmin in front of an engine shutdown. Here, the rotational frequency Nmin in front of an 
engine shutdown is set for example, to 300rpm. If it supervises becoming below the engine speed Nmin in 
front of return and an engine shutdown to step si 35 and becomes below the engine speed Nmin in front of 
an engine shutdown in being higher than the engine speed Nmin in front of an engine shutdown, it will 
progress to step si 40. 

[0028] Next, in step si 40, a control unit 30 judges whether the 1st cylinder used for self-starting is a middle 
stage like an expansion line (after a top dead center 10 degrees - 140 degrees). If it becomes step si 40 return 
and the middle stage when there is no 1st cylinder the middle stage like an expansion line (after a top dead 
center 10 degrees - 140 degrees), it will progress to step si 45. 
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[0029] If the 1st cylinder is judged to be the middle stage like an expansion line, in step si 45, a control unit 
30 will operate a stopper 90 and will stop an engine compulsorily. 

[0030] Next, in step si 45, a control unit 30 memorizes the number of the gas column (this example the 1st 
cyHnder) which injects a fuel first, and the crank angle at the time of an engine shutdown so that it can refer 
to at the time of next starter loess starting. 

[0031] He is trying to stop compulsorily the gas colxmm (an above-mentioned example the 1st cylinder) 
used for self-starting in this operation gestalt the middle stage like an expansion line (after a top dead center 
10 degrees - 140 degrees), as explained above. 

[0032] Here, the reason for making into the range of 10 degrees - 140 degrees the crank angle which stops 
the gas colunm (an above-mentioned example the 1st cylinder) used for self-starting behind a top dead 
center is explained using drawing 3 . Drawing 3 is the explanatory view of the crank angle at the time of the 
engine automatic stay by the control unit of the engine starting system by the 1 st operation gestalt of this 
invention. 

[0033] Even when there is a gas column which it is going to use for starter loess starting like an expansion 
line even if, it cannot be made to start in the fields A and C shown with the slash. That is, near a 
compression top dead center (field A), since there are few air contents in a cylinder, a piston location is 
because the amount of gaseous mixture also decreases and a crankshaft cannot be accelerated to sufficient 
rotational fi*equency for engine starting by explosion of gaseous mixture. Moreover, unlike the case of a top 
dead center, a piston location can obtain much gaseous mixture near a bottom dead point (field C), but since 
sufficient torque cannot be acquired on the structure of a crank and an exhaust valve begins to open, it is 
because the rotational fi-equency of a crankshaft cannot fully be raised. Then, it is larger than about 10 
degrees - 25 degrees, and he is trying to use the field B smaller than about 120 degrees - 140 degrees on the 
basis of a compression top dead center at the starter loess start by this operation gestalt. 
[0034] Next, the contents of control at the time of engine starting by the control xmit of the engine starting 
system by this operation gestalt are explained using drawing 4 - drawing 7 . Drawing 4 is a flow chart which 
shows the contents of control at the time of engine starting by the control unit of the engine starting system 
by the 1 st operation gestalt of this invention. 

[0035] In steps s200-s220 of drawing 4 , a control unit 30 secures the insurance at the time of engine restart. 
That is, in step s200, a control unit 30 judges whether it is vehicle speed zero. When the vehicle speed is 
zero, it progresses to step s205, and when it is not zero, it retums to step s200. 

[0036] Next, in step s205, a control unit 30 judges whether the brake is stepped on. When the brake is 
stepped on, it progresses to step s210, and when the brake is not stepped on, it retums to step s200. 
[0037] Next, in the case of a manual transmission (MT) vehicle, in step s210, a control unit 30 judges 
whether clutch pedal is stepped on. When clutch pedal is stepped on, it progresses to step s215, and when 
clutch pedal is not stepped on, it retums to step s200. 

[0038] Moreover, in the case of an automatic transmission (AT) vehicle, in step s215, a control unit 30 
judges whether a shift lever is in a drive (D) range. When it is in D range, it progresses to step s218, and 
since it is thought that there is no start intention of an operator when there is nothing to D range, it retums to 
step s200. 

[0039] Next, since it is judged that an operator has a start intention when a shift lever is in D range, a brake 
pedal is detached in step s218 or the treading strength is similarly able to weaken below to a predetermined 
value in the case of an automatic-transmission car, it progresses to step s220. Since an operator does not 
have a start intention when the brake pedal is maintaining the treading strength beyond a predetermined 

value, it retums to step s200. 

[0040] Next, in step s220, as for a control unit 30, water temperature judges whether it is more than Tmin. If 
engine water temperature is low, since starter loess starting cannot be performed according to fiicative 
increase, the water temperature signal is checked. When water temperature is more than Tmin, it progresses 
to step s230, and when water temperature is lower than Tmin, it progresses to step s225. 
[0041] And when water temperature is lower than Tmin, in step s225, a control unit 30 stops starter loess 
starting, and changes it to starter starting. 

[0042] On the other hand, when water temperature is more than Tmin, refer to the information on the crank 
angle at the time of starting memorized at the time of a halt of an engine (information memorized in step 
si 50 of drawing 2 ) for a control unit 30 in step s230. 

[0043] Next, in step s235, a control unit 30 controls the valve timing phase adjustable device 44, delays the 
phase of the inspired air flow path cam 42, and sets the closed stage of an intake valve 40 as 10 degrees 
(TDC-10") in firont of a top dead center. As mentioned above, the valve timing phase adjustable device 44 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 5/9/2006 



JP,2002.039038,A [DETAILED DESCRIPTION] 



Page 5 of 12 



has the 3rd cylinder in a compression stroke, when there is the 1st cylinder which it is prepared only in the 
3rd cylinder of the engines of a 4-cylinder, and is used for self-starting like an expansion line. Here where 
the closed stage of the intake valve 40 in this cylinder [ 3rd ] compression stroke is set as 10 degrees in front 
of a top dead center explains the contents of the cylinder [ 3rd ] inhalation-of-air valve-lift control at the 
time of engine starting by the engine starting system by this operation gestalt using drawing 5 . Drawing 5 is 
the explanatory view of the inhalation-of-air valve-lift control at the time of engine starting by the engine 
starting system by the 1 st operation gestalt of this invention. 

[0044] In drawing 5 , the axis of abscissa shows time amount and shows each cylinder [ 3rd ] stroke 
(expansion stroke like a compression line like an inhalation-of-air line like an exhaust air line). Moreover, 
the axis of ordinate shows each amount of valve lifts of an inlet valve 40 and an exhaust valve 50. 
[0045] The continuous line E shows the amount of valve lifts of the usual exhaust valve 50 among drawing, 
like a cylinder [ 3rd ] exhaust air line — setting ~ a small portion of BDC(s) — an exhaust valve 50 begins to 
carry out a lift rise from before, and an exhaust valve 50 is closed after TDC. Moreover, the continuous line 
A shows the amount of valve lifts of the usual inlet valve 40. like a cylinder [ 3rd ] inhalation-of-air line — 
setting — a small portion of TDC(s) — an inlet valve 40 begins to carry out a lift rise from before, and an 
inlet valve 40 is closed after BDC. As mentioned above, the cylinder [ 3rd ] inlet valve 40 is controlled by 
the usual actuation after BDC to close an inlet valve 40. 

[0046] To it, at step s235, the control unit 30 controlled the valve timing phase adjustable device 44, delayed 
the phase of the inspired air flow path cam 42, and has set the closed stage of an intake valve 40 as 10 
degrees (TDC- 10") in front of a top dead center. That is, all over drawing, as a broken line B shows, the 
closed stage of an intake valve 40 is made into 10 degrees (TDC- 10") in front of the top dead center. 
Consequently, the 3rd cylinder is made into the condition that the inlet valve 50 is open, also in the 
compression stroke. 

[0047] In addition, in above-mentioned explanation, although the closed stage of the inlet valve 40 set up is 
made into the fixed value of 10 degrees (TDC- 10") for example, in front of the top dead center, it can be 
made into the value according to a crank angle at the time of cylinder [ 1st ] starting. For example, when 
much torque can be generated by the 1st cylinder, the closed stage of the cylinder [ 3rd ] inlet valve 40 is 
early made into 30 degrees (TDC-30") in front of a top dead center, as for example, the altemate long and 
short dash line D shows, and a compression pressure can be raised. Moreover, when there is little generating 
torque, as for example, the two-dot chain line C shows, 2 degrees (TDC-2") of closed stages of an inlet 
valve 40 can be delayed in front of a top dead center, and it can also set up so that a compression pressure 
may be made low. That is, according to a crank angle, it can also carry out adjustable in 2 degrees (TDC-2") 
in front of a top dead center from 30 degrees (TDC-30") in front of a top dead center at the time of cylinder 
[ 1 St ] starting. 

[0048] Next, in step s240 of drawing 4 , based on the crank angle referred to in step s230, a control unit 30 
computes the volume of the 1st cylinder, i.e., the air content in the 1st cylinder, and determines the fixel oil 
consumption which serves as a predetermined air-fiiel ratio (A/F) to this computed air content. That is, since 
there are few air contents when a piston is close to a top dead center, fuel injection is also lessened, and 
when a piston is conversely close to a bottom dead point, since there are many air contents, ftiel oil 
consumption also increases. 

[0049] Next, in step s245, a control unit 30 controls a fiiel injection valve, and injects the fiiel of the 
injection quantity determined at step s240 in the cylinder [ 1st ] cylinder. 

[0050] Next, in step s250, after progress of predetermined time (time amount to which evaporation of a fuel 
fully progresses), a control unit 30 flies an ignition signal with delivery and an ignition plug 60 to the 1st 
cylinder, and lights an ignition spark after the fuel injection by step s245. When lit by the fiiel spray, a ftxel 
bums, expansion force occurs and it generates like the expansion line which depresses a piston in the 1st 
cylinder. 

[0051] Since the inlet valve 40 is open and a compression pressure falls, the work required for compression 
decreases, and the 3rd cylinder of a cylinder [ 3rd ] compression top dead center which is in a compression 
stroke at this time is crossed, without dropping the running torque produced by cylinder [ 1st ] combustion 
beyond the need. 

[0052] Next, in step s255, a control unit 30 judges whether starting was successfiil. A success of starting is 
judged by whether the engine rotational frequency became more than the predetermined rotational 
frequency (for example, 300rpm). In addition, since the engine has not resulted in perfect rotation at this 
time, it judges by whether the rotational speed (angular velocity) of a ring gear 76 became more than the 
rotational speed at the time of 300rpm. If starting is successful, when it will progress to step s280 and 
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starting will not be successful, it progresses to step s260, 

[0053] When engine starting is successful, in step s280, a control unit 30 returns to the usual setup what had 
set the closed stage of an intake valve 40 as 10 degrees (TDC-10") in front of the top dead center according 
to the valve timing phase adjustable device 44. That is, it returns to the property of a continuous line A from 
the property of a broken line C which showed the amount of valve lifts of an intake valve 40 in drawing 5 . 
And in step s285, a control unit 30 is changed to the operation control of the usual engine. 
[0054] On the other hand, if it is judged by the judgment of step s255 that starting was not successful, in 
step s260, a control unit 30 will judge whether there is any gas column of a crank angle with the suitable 
middle stage as the expansion line which is not used for starting. If the gas column of a crank angle with the 
as suitable middle stage as the expansion line which is not used for starting becomes, it progresses to step 
s270, and a control unit 30 will stop starter loess starting, and will change it to starter starting. If there is a 
gas column of a crank angle with the suitable middle stage as the expansion line which is not used for 
starting, it will progress to step s275. 

[0055] When there is a gas column like the expansion line which is not used for starting, refer to No and the 
crank angle of another gas column which exist like a current expansion line for a control unit 30 in step 
s275. Since it is the 3rd cylinder to become like an expansion line at a cylinder [ 1st ] degree when it 
considers as the 4-cylinder engine lit in order of each gas column of 1-3-4-2 and the gas colunm used for 
self-starting is made into the 1st cylinder, a cylinder [ 3rd ] crank angle is referred to. And cylinder [ 3rd ] 
fiiel injection and ignition are carried out, and next combustion is made to perform by performing retum and 
steps s240-s250 to step s240. 

[0056] Here, when the 3rd cylinder is like [ expansion line ], it is the 4th cylinder that it is in a compression 
stroke. Since the 4th cylinder is not equipped with the valve timing phase adjustable device 44, when there 
is the 3rd cylinder like an expansion line, cylinder [ 4th ] compressive force is the usual compressive force, 
but by cylinder [ 1 st ] combustion like the continued line, since the crankshaft has begun rotation, the 
rotation driving force by cylinder [ 3rd ] expansion can join the inertial force, and it can overcome cylinder 
[ 4th ] compressive force, and can be led to a starting success. At the time of a starting success, it changes to 
the usual operation through processing of steps s280 and s285, 

[0057] Here, correlation of each stroke of the starter loess start by this operation gestalt mentioned above is 
explained using drawing 6 . Drawing 6 is the explanatory view of each stroke at the time of engine starting 
by the engine starting system by the 1st operation gestalt of this invention. In drawing 6 , the axis of abscissa 
shows time amount (stroke). Moreover, the axis of ordinate shows each 1st, 3rd, 4th, and 2nd gas column. 
[0058] About by the 1st line, there is the 1st cylinder like an expansion line and the 3rd cylinder is in a 
compression stroke. Then, the fuel spray is biimed in the 1st cylinder by processing of steps s245 and s250 
of drawing 4 . Although it is a compression stroke since the timing which a cylinder [ 3rd ] inlet valve closes 
is behind by processing of step s235 at this time and the inlet valve is open, it is small low voltage 
compression (in drawing 6 , in order to distinguish from the usual compression stroke, it is illustrating with 
(compression)) of that compressive force. About by the 1st line, if starting is successful, the stroke of the 
usual four cycle will be repeated for every gas column, and about the 2nd line will be in the usual 
operational status henceforth. 

[0059] Moreover, even when starting is not successfiil by about the 1st line, the 3rd cylinder has become 
like the expansion line and the fiiel spray is bumed in the 3rd cylinder by processing of steps s245 and s250 
of drawing 4 about at the 2nd line. By cylinder [ 1st ] combustion like that continued line, although the 4th 
cylinder is the usual compression stroke at this time, since the crankshaft has begun rotation, the rotation 
driving force by cylinder [ 3rd ] expansion can join that inertial force, and it can overcome cylinder [ 4th ] 
compressive force, and can be led to a starting success. At the time of a starting success, it changes to the 
usual operation. 

[0060] In addition, in the above explanation, although the valve timing phase adjustable device 44 is formed 
only in the 3rd cylinder, it may be prepared also in the 4th cylinder. By it, since the cylinder [ 4th ] 
compression stroke of about the 2nd line can be made into a low voltage compression stroke, it can make 
starting more reliable. In this case, as a broken line shows after processing of step s275 of drawing 4 , after 
considering as 10 degrees (TDC-10") in front of a top dead center, processing for example, after step s240 is 
performed for retum and a cylinder [ 4th ] intake valve close stage to step s235. 

[0061] Here, the engine speed at the time of engine starting by the engine starting system by this operation 
gestalt and transition of torque are explained using drawing 7 . Drawing 7 is an engine speed at the time of 
engine starting by the engine starting system by the 1st operation gestalt of this invention, and the 
explanatory view of transition of torque. Time amount is shown on an axis of abscissa by drawing 7 (A), 
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and the engine speed is shown on the axis of ordinate. Time amount is shown on an axis of abscissa by 
drawing 7 (B), and it shows the torque rotational frequency generated on an axis of ordinate. In addition, a 
continuous line shows the condition by this operation gestalt, and the broken line shows the condition by the 
conventional example. 

[0062] In drawing 7 (B), the continuous hne Gl shows the torque generated by cylinder [ 1st ] combustion 
which is a starting gas column. On the other hand, in drawing 7 (B), broken-Hne G3 old shows the torque 
consumed by the 3rd cylinder in a compression stroke. Therefore, the torque Gl generated by cylinder [ 1st ] 
combustion is consumed as torque G3 old by the 3rd cyHnder in a compression stroke. In drawing 7 (A), 
although the broken line Fold shows transition of the cylinder [ 1 st ] engine speed which is a starting gas 
column, an engine speed will fail in engine starting, without going up so that it may illustrate. 
[0063] On the other hand, in drawing 7 (B), continuous-line G3 new shows the torque consiimed by the 3rd 
cylinder, when a compression stroke is considered as constant-pressure compression by using the valve 
timing phase adjustable device 44 by this operation gestalt. Since compression torque G3 new consumed 
according to this operation gestalt is smaller than conventional compression torque G3 old, the torque Gl 
generated by cylinder [ 1st ] combustion is not completely consumed by torque G3 new by the 3rd cylinder 
in a compression stroke. In drawing 7 (A), although the continuous line Fnew shows transition of the 
cylinder [ 1 st ] engine speed which is a starting gas column, since an engine speed goes up again by the 
cylinder [ 3rd ] following generating torque (continuous-line G3 new of drawing 7 (B)), without falling 
completely, it can succeed engine starting, so that it may illustrate. 

[0064] Self-starting can be enabled without using a starter according to this operation gestalt, since the 
compressive force in a compression stroke can be reduced as explained above. In addition, with the latest 
engine, there is a thing equipped with the valve timing phase adjustable device, and self-starting can be 
enabled only by control of an engine, without adding a new device with this engine. 

[0065] Next, the configuration of the engine starting system by the 2nd operation gestalt of this invention is 
explained using drawing 8 and drawing 9 . The multiple cylinder engine by this operation gestalt is used as 
the 4-cylinder engine lit in order of each gas column of 1-3-4-2 like the 1st operation gestalt, and makes the 
1st cylinder the gas column used for self-starting. The whole engine starting system configuration by this 
operation gestalt is explained to the beginning. Drawing 8 is the block diagram showing the whole engine 
starting system configuration by the 2nd operation gestalt of this invention. In addition, the same sign as 
drawing 1 shows the same part. 

[0066] In the 1 st operation gestalt, to the inlet valve 40 having been equipped with the valve timing phase 
adjustable device 44, it did not have this valve timing phase adjustable device 44, but it equips the exhaust 
valve 50 side with the auxiliary exhaust valve 100 and the decompression-device device 102 instead with 
this operation gestalt. When making into the 1 st cylinder the gas column used for self-starting, the auxiliary 
exhaust valve 100 and the decompression-device device 102 are formed in the 3rd cylinder in a compression 
stroke. The auxiliary exhaust valve 100 is an exhaust valve smaller than an exhaust valve 50. The 
decompression-device device 102 is an actuator which opens and closes the auxiliary exhaust valve 100. 
[0067] With this operation gestalt, when performing combustion for self-starting in the 1st cylinder which 
exists like an expansion line, control unit 3 OA operates the cylinder [ 3rd ] decompression-device device 102 
in a compression stroke, opens the auxiliary exhaust valve 1 00, reduces cylinder [ 3rd ] compressive force, 
and is taken as low voltage compression like the operation gestalt shown in drawing 1 . 
[0068] Next, the contents of control at the time of engine starting by the control unit of the engine starting 
system by this operation gestalt are explained using drawing 9 . Drawing 9 is a flow chart which shows the 
contents of control at the time of engine starting by the control unit of the engine starting system by the 2nd 
operation gestalt of this invention. In addition, the same sign as the flow chart shown in drawing 4 shows the 
contents of the same processing. 

[0069] In steps s200-s220 of drawing 9 , control unit 30A secures the starting conditions at the time of 
engine restart, and detects a start intention of an operator. And it progresses after step s230. And refer to the 
information on the crank angle at the time of starting memorized at the time of a halt of an engine 
(information memorized in step si 50 of drawing 2 ) for control unit 30A in step s230. 
[0070] Next, in step s235A, control unit 30A operates the decompression-device device 102, opens the 
auxiliary exhaust valve 100 and misses a cylinder [ 3rd ] compression pressure until it becomes 10 degrees 
(TDC-10") before the set-up crank angle, for example, a top dead center. Thereby, like the 1st operation 
gestalt, at the time of starter loess starting, the cylinder [ 3rd ] compressive force in a compression stroke 
can be reduced, and it can consider as a low voltage compression condition. 

[0071] In addition, although the closed stage of the auxiliary exhaust valve 100 is made into the fixed value 
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of 10 degrees (TDC-10") for example, in front of the top dead center, it can be made into the value 
according to a crank angle at the time of cylinder [ 1 st ] starting. For example, when much torque can be 
generated by the 1st cylinder, the closed stage of the cylinder [ 3rd ] auxiliary exhaust valve 100 is early 
made into 30 degrees (TDC-30") for example, in front of a top dead center, and a compression pressure can 
be raised. Moreover, when there is little generating torque, 2 degrees (TDC-2") of closed stages of the 
auxiliary exhaust valve 100 can be delayed for example, in front of a top dead center, and it can also set up 
so that a compression pressure may be made low. That is, according to a crank angle, it can also carry out 
adjustable in 2 degrees (TDC-2") in front of a top dead center from 30 degrees (TDC-30") in front of a top 
dead center at the time of cylinder [ 1 st ] starting. 

[0072] Hereafter, control unit 30A generates expansion force by burning a cylinder [ 1st ] fuel by 
performing processing of drawing 4 of step s240-285. Since the auxiliary exhaust valve 100 is open and a 
compression pressure falls, the 3rd cylinder which is in a compression stroke at this time succeeds in engine 
starting by the work required for compression decreasing, and crossing a cylinder [ 3rd ] compression top 
dead center, without dropping the running torque produced by cylinder [ 1st ] combustion beyond the need. 
At the time of a starting success, it changes to the usual operation through processing of steps s280 and 
s285. 

[0073] In addition, in the above explanation, although the auxiliary exhaust valve 100 and the 
decompression-device device 102 are formed only in the 3rd cylinder, they may be prepared also in the 4th 
cylinder and all gas columns. By it, since the cylinder [ 4th ] compression stroke of about the 2nd line can be 
made into a low voltage compression stroke, it can make starting more reliable. 

[0074] Self-starting can be enabled without using a starter according to this operation gestalt, since the 
compressive force in a compression stroke can be reduced as explained above. Moreover, since an exhaust 
valve is opened and existing combustion gas is attracted in a cylinder, by injecting a fiiel to this hot existing 
combustion gas, it is easy to evaporate the fijel spray and ignition can be ensured. 

[0075] Next, the configuration of the engine starting system by the 3rd operation gestalt of this invention is 
explained using drawing 10 - drawing 12 . The multiple cylinder engine by this operation gestalt is used as 
the 4-cylinder engine lit in order of each gas column of 1-3-4-2 like the 1st operation gestalt, and makes the 
1st cylinder the gas colunm used for self- starting. First, drawing 10 is used and the whole engine starting 
system configuration by this operation gestalt is explained. Drawing 10 is the block diagram showing the 
whole engine starting system configuration by the 3rd operation gestalt of this invention. In addition, the 
same sign as drawing 1 R> 1 shows the same part. 

[0076] In the 1st and 2nd operation gestalten, it is made to perform high-pressure expansion which 
heightens expansion force in this operation gestalt to having considered as the low voltage compression to 
which compressive force is reduced. Therefore, in this operation gestalt, the inlet valve 40 is equipped with 
the adjustable valve timing device 46, and the exhaust valve 50 is equipped with the adjustable valve timing 
device 56. In the case of the 4-cylinder engine, all gas columns are equipped with the adjustable valve 
timing devices 46 and 56. The adjustable valve timing devices 46 and 56 are controllable in closing motion 
of an inlet valve 40 and an exhaust valve 50 using electromagnetic force, and a closing motion stage is 
controlled by the control signal from control unit 3 OB. 

[0077] With this operation gestalt, by supposing that it is two or more gas columns from which a stroke is 
different like the expansion line for starter loess starting to coincidence, and originally, using them, the 
torque like an expansion line higher than before is generated, and starter loess starting is enabled. 
[0078] Next, the contents of control at the time of engine starting by the control unit of the engine starting 
system by this operation gestalt are explained using drawing 1 1 and drawing 12 . Drawing 1 1 R> 1 is a flow 
chart which shows the contents of control at the time of engine starting by the control unit of the engine 
starting system by the 3rd operation gestalt of this invention. In addition, the same sign as drawing 1 shows 
the contents of the same processing. Especially with this operation gestalt, the description is in the contents 
of processing of step s235B, s245B, s250B, s252, and s275B. 

[0079] Moreover, drawing 12 is the explanatory view of each stroke at the time of engine starting by the 
engine starting system by the 3rd operation gestalt of this invention. In drawing 12 , the axis of abscissa 
shows time amount (stroke). Moreover, the axis of ordinate shows each 1st, 3rd, 4th, and 2nd gas column. 
[0080] In steps s200-s220 of drawing 1 1 , control unit 30B secures the starting conditions at the time of 
engine restart, and detects a start intention of an operator. Then, in step s220, control unit 30B judges 
whether it is more than Tmin, and when engine water temperature is low, in step s225, water temperature 
stops starter loess starting and changes control xmit 3 OB to starter starting. 

[0081] On the other hand, when water temperature is more than Tmin, refer to the information on the crank 
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angle at the time of starting memorized at the time of a halt of an engine (infomiation memorized in step 
si 50 of drawing 2 ) for control unit 306 in step s230B. 

[0082] Next, in step s235B, when using for starting is the 1st cylinder, fiirther, control unit SOB controls the 
cylinder [ 4th ] adjustable bubble timing devices 46 and 56 which they are originally like an inhalation-of- 
air line, and closes an inlet valve 40 and an exhaust valve 50. 

[0083] Next, in step s240, based on the crank zingle referred to in step s230B, control unit 30B computes the 
volume of the 1st cylinder, i.e., the air content in the 1st cylinder, and determines the fuel oil consumption 
which serves as a predetermined air- fuel ratio (A/F) to this computed air content. That is, since there are few 
air contents when a piston is close to a top dead center, fuel injection is also lessened, and when a piston is 
conversely close to a bottom dead point, since there are many air contents, fuel oil consimiption also 
increases. While this fuel oil consumption is the fuel oil consumption to the 1st cylinder, it also turns into 
fuel oil consumption to the 4th cylinder. 

[0084] Next, in step s245B, control unit 30B controls a fuel injection valve, and injects to coincidence the 
fuel of the injection quantity determined at step s240 in the cylinder (the 1st cylinder and the 4th cylinder), 
respectively. 

[0085] Next, in step s250B, after progress of predetermined time (time amount to which evaporation of a 
fuel fiilly progresses), control unit 3 OB flies an ignition signal with delivery and an ignition plug 60, and 
lights an ignition spark after the fuel injection by step s245B at the 1st cylinder and the 4th cylinder, 
respectively. When lit by the fuel spray, a fuel bums, expansion force occurs and it generates like the 
expansion line which depresses a piston in coincidence in the 1st cylinder and the 4th cylinder. 
[0086] Here, as shown in drawing 12 , the 1st cylinder and the 4th cylinder become like an expansion line 
about by the 1 st line at coincidence. Therefore, torque to generate can be enlarged compared with the 
example shown in drawing 6 , being able to use expansion force as twice. Although torque is consumed 
since the 3rd cylinder is the usual compression stroke at this time, since the torque to generate is large, self- 
starting can be made successful. 

[0087] Next, in step s252, control unit 30B judges whether about the 2nd line was completed. When having 
not ended, after progressing to step s275B and ending, it progresses to step s255. 

[0088] When about the 1st line is completed, since about the 2nd line is not ended yet, refer to No and the 
crank angle of another gas column which exist like a current expansion line for control unit 30B in step 
s275B, Since becoming like an expansion line next are the 3rd cylinder and the 2nd cylinder when it 
considers as the 4-cylinder engine lit in order of each gas column of 1-3-4-2 and the gas column used for 
self-starting is made into the 1st cylinder and the 4th cylinder, a cylinder [ 3rd ] crank angle is referred to, 
for example. And fuel injection of the 3rd cylinder and the 2nd cylinder ** and ignition are carried out, and 
next combustion is made to perform by performing return and step s235 B-s250B to step s235B. 
Consequently, as shown in drawing 12 , the 3rd cylinder and the 2nd cylinder become like an expansion line 
about by the 2nd line at coincidence. Therefore, torque to generate can be enlarged compared with the 
example shown in drawing 6 , being able to use expansion force as twice. Since the torque which 
consumption of torque does not almost have and is generated since the 1st cylinder and the 4th cylinder are 
like an exhaust air line at this time is large, self-starting can be made successful. 

[0089] After about the 2nd line is completed, in step s255, control unit 3 OB judges whether starting was 
successful. If starting is successful, when it will progress to step s285 and starting will not be successful, it 
progresses to step s270. 

[0090] When engine starting is successful, in step s285, control unit 308 is changed to the operation control 
of the usual engine. 

[0091] On the other hand, if it is judged by the judgment of step s255 that starting was not successful, in 
step s270, control unit 30B will stop starter loess starting, and will change it to starter starting. 
[0092] In addition, in the example shown in drawing 12 , although a crankshaft rotates one time about by the 
4th line from about the 1 st line, it supposes the inhalation-of-air line which does not contribute the 4th 
cylinder to combustion (is hereafter called "empty inhalation of air"), and suppose the exhaust air line which 
does not contribute the 4th cylinder to combustion (is hereafter called "empty exhaust air") about by the 4th 
line at about the 3rd line. Similarly, the 2nd cylinder is made into empty inhalation of air, and the 2nd 
cylinder is considered as empty exhaust air about by the 5th line at about the 4th line. By this, it can double, 
scavenging in a cylinder can be performed, and the combustion efficiency of degree stroke can be raised. 
[0093] In addition, although about the 1st cylinder [ 3rd ] line is a compression stroke in above-mentioned 
explanation as shown in drawing 12 The timing to which control unit 30B controls the adjustable valve 
timing device 46, and closes an inlet valve 40 by for example, the thing delayed to 10 degrees in front of a 
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top dead center Except for resistance by cylinder [ 3rd ] work of compression, an engine speed can be 
smoothly raised like the 1 st operation gestalt at the time of starter loess starting. Or instead of closing an 
inlet valve 40 late, the adjustable valve timing device 56 may be controlled, an exhaust valve 50 may be 
opened, and a compression pressure may be missed. 

[0094] Self-starting can be enabled without using a starter, since the expansion force which can be set like 
an expansion line can be improved according to this operation gestalt as explained above. In addition, with 
an engine equipped with the adjustable valve timing device, self-starting can be enabled only by control of 
an engine, without adding a new device. 

[0095] Next, the configuration of the engine starting system by the 4th operation gestalt of this invention is 
explained using drawing 1 3 - drawing 15 . The multiple cylinder engine by this operation gestalt is used as 
the 4-cylinder engine lit in order of each gas column of 1-3-4-2 like the 1st operation gestalt, and makes the 
1 St cylinder the gas column used for self-starting. First, drawing 13 is used and the whole engine starting 
system configuration by this operation gestalt is explained. Drawing 13 is the block diagram showing the 
whole engine starting system configuration by the 4th operation gestalt of this invention. In addition, the 
same sign as drawing 1 R> 1 shows the same part. 

[0096] In the 3rd operation gestalt, it receives a thing, and with this operation gestalt, while sending in high- 
pressure air compulsorily in a cylinder, it is made to perform high-pressure expansion by injecting the fuel 
according to the air content which it is made to perform high-pressure expansion which heightens expansion 
force by supposing at coincidence that it is an expansion line about two gas columns. By this high-pressure 
expansion, the torque like an expansion line higher than before is generated, and starter loess starting is 
enabled. 

[0097] Therefore, in this operation gestalt, it has the auxiliary inlet valve 110 and the air tank 120. The 
auxiliary inlet valve 1 10 is the inspired air flow path of the gas colunm which exists like an expansion line 
in the case of starter loess starting, and is prepared in the location of the outlet of an air tank 120. The 
auxiliary inlet valve 1 10 is opened and closed by the actuator 112. An actuator 1 12 is controlled by control 
unit 30C. 

[0098] Moreover, into the air tank 120, the air pressurized by the air pump 122 is accumulated. The pressure 
inside an air tank 120 is detected by the pressure sensor 124, and is incorporated by control unit 30C. When 
the pressure sensor for grasping a combustion condition is attached in the cylinder 20, you may substitute 
for a pressure sensor 142. At the time of moderation of a car, it connects with a driving shaft and an air 
pump 122 is operated. Thus, the moderation energy of a car can be used effectively by constituting. In 
addition, you may make it drive an air pump 122 by the motor. Furthermore, an air pump is not formed but 
you may make it accumulate the pressure of inhalation of air at the time of positive pressure into an air tank 
120 by a one-way bulb etc. especially in an engine with a supercharger. Moreover, the compression pressure 
of a cylinder can also be introduced by actuation of an actuator 1 12 at the time of the engine brake of a car. 
In this case, it is not necessary to operate an air pump 122. Volume-of-combustion-chamber extent in an 
engine top dead center is sufficient as the volume of an air tank 120, and it also makes the pressure 2-10 
atmospheric-pressure extent. 

[0099] Next, the contents of control at the time of engine starting by the control unit of the engine starting 
system by this operation gestalt are explained using drawing 14 and drawing 15 . Drawing 14 R> 4 is a flow 
chart which shows the contents of control at the time of engine starting by the control unit of the engine 
starting system by the 4th operation gestalt of this invention. In addition, the same sign as drawing 1 shows 
the contents of the same processing. Especially with this operation gestalt, the description is in step 
s232,234,240C and the contents of processing of s277 and s279. 

[0100] Moreover, drawing 15 is the explanatory view of each stroke at the time of engine starting by the 
engine starting system by the 4th operation gestalt of this invention. In drawing 15 , the axis of abscissa 
shows time amount (stroke). Moreover, the axis of ordinate shows each 1st, 3rd, 4th, and 2nd gas column. 
[0101] In steps s200-s220 of drawing 14 , control unit 30C secures the starting conditions at the time of 
engine restart, and detects a start intention of an operator. Then, in step s220, control unit 30C judges 
whether it is more than Tmin, and when engine water temperature is low, in step s225, water temperature 
stops starter loess starting and changes control unit 30C to starter starting. 

[0102] On the other hand, when water temperature is more than Tmin, refer to the information on the crank 
angle at the time of starting memorized at the time of a halt of an engine (information memorized in step 
si 50 of drawing 2 ) for a control unit 30 in step s230. 

[0103] Next, in step s232, control xmit 30C detects the internal pressure of an air tank 1 20 with a pressure 
sensor 124, and control unit 30C memorizes. In addition, before performing starter loess starting, the 
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pressure up of the internal pressure of an air tank 120 is beforehand carried out to two to 10 atmospheric 
pressure. 

[0104] Next, in step s232, control unit 30C operates an actuator 1 12, opens the auxiliary inlet valve 110, and 
introduces the compressed air in a cylinder 20. 

[0105] Next, in step s240C, based on the internal pressure of the air tank 120 detected and memorized at the 
crank angle and step s232 which were referred to in step s230, control unit 30C computes the air content in 
the 1 St cyHnder, and determines the fuel oil consumption which serves as a predetermined air-fuel ratio 
(A/F) to this computed air content. 

[0106] Next, in step s245, control unit 30C controls a fuel injection valve, and injects the fuel of the 
injection quantity determined by step s240C in the cylinder [ 1st ] cylinder. 

[0107] Next, in step s250, after progress of predetermined time (time amount to which evaporation of a fuel 
fully progresses), control unit 30C flies an ignition signal with delivery and an ignition plug 60 to the 1st 
cylinder, and lights an ignition spark after the fuel injection by step s245. When lit by the fuel spray, a fuel 
bums, expansion force occurs and a piston is depressed. 

[0108] Here, like the expansion line at this time, as shown in drawing 15 , aUhough the 1st cylinder becomes 
like an expansion line about by the 1st line, since the fuel is injected to high-pressure air, the more usual 
expansion Hne can enlarge torque which expansion force serves as big high-pressure expemsion (it is 
illustrating as [expansion] in drawing 1 5 ), and a twist also generates. Although torque is consumed since 
the 3rd cylinder is the usual compression stroke at this time, since the torque generated in the 1st cylinder is 
large, self-starting can be made successfiil. 

[0109] Next, in step s255, control unit 30C judges whether starting was successful. If starting is successful, 
when it will progress to step s285 and starting will not be successftil, it progresses to step s260. 
[01 10] When engine starting is successful, in step s285, a control unit 30 is changed to the operation control 
of the usual engine. 

[0111] On the other hand, if it is judged by the judgment of step s255 that starting was not successful, in 
step s260, control unit 30C will judge whether there is any gas column of a crank angle with the suitable 
middle stage as the expansion line which is not used for starting. If there is no gas column of a crank angle 
with the suitable middle stage as the expansion line which is not used for starting, it progresses to step s270, 
and control unit 30C will stop starter loess starting, and will change it to starter starting. If there is a gas 
column of a crank angle with the suitable middle stage as the expansion line which is not used for starting, it 
will progress to step s275. 

[0112] When there is a gas column like the expansion line which is not used for starting, refer to No and the 
crank angle of another gas column which exist like a current expansion line for a control unit 30 in step 
s275. Since it is the 3rd cylinder to become like an expansion line at a cylinder [ 1st ] degree when it 
considers as the 4-cylinder engine lit in order of each gas colunm of 1-3-4-2 and the gas column used for 
self-starting is made into the 1st cylinder, a cylinder [ 3rd ] crank angle is referred to. 

[0113] Next, in step s277, as for control unit 30C, the internal pressure of an air tank 120 judges whether it 
is beyond a reference value (for example, two atmospheric pressures). With a reference value [ beyond ], by 
performing retum and step s240 C-s250 to step s240C, carry out cylinder [ 3rd ] fuel injection and ignition, 
next combustion is made to perform, and expansion force is obtained by high-pressure expansion. In 
addition, the air tank 120 and the auxiliary inlet valve 110 are formed also in the 3rd cylinder. 
[0114] Moreover, when the internal pressure of an air tank does not fulfill a reference value, in step s279, 
control unit 30C operates an air pump 122, and is filled up with the compressed air in an air tank 120. Then, 
by performing retum and step s240 C-s250 to step s240C, carry out cylinder [ 3rd ] fuel injection and 
ignition, next combustion is made to perform, and expansion force is obtained by high-pressure expansion. 
[01 15] Since air is quickly introduced in a cylinder 20 from the auxiliary inlet valve 1 10 as mentioned 
above, the turbulence in a cylinder 20 can be promoted, mixing of a fuel and air can be promoted, 
combustion efficiency can be improved, and operating fuel quantity can also be stopped. 
[01 16] In addition, what is necessary is to form the auxiliary inlet valve 110 only in the 3rd cylinder, when 
the gas column first used by starter loess starting is decided (for example, when it is the 1st cylinder), and 
when the gas column used first is arbitration, it is necessary to prepare it in all gas columns. Even in such a 
case, an air tank 120, an air pump 122, and a pressure sensor 124 are good at one, and should just be 
equipped with piping to each cylinder, respectively. 

[0117] Self-starting can be enabled without using a starter, since the expansion force which can be set like 

an expansion line can be improved according to this operation gestalt as explained above. 

[01 18] In addition, with each above-mentioned operation gestalt, although the case of a 4-cylinder engine 
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was mainly described, if it has the device which injects a fuel in a cyHnder, effectiveness can mainly be 
acquired using the same means with the engine more than 2 cylinder. Moreover, although fuel injection and 
ignition are first performed for the 1st cylinder for explanation, of course, fuel injection and lighting are 
[ 1 St ] possible [ in other gas columns ] by the crank angle. 

[01 19] Moreover, although each operation gestalt was considered as the configuration which stops an engine 
mechanically with the stopper 90, if the gas column first used for combustion as mentioned above is not 
limited, except for the case where a crank angle is a top dead center or near a bottom dead point, it is not 
necessary to necessarily use a stopper device. Moreover, the location of an outline request can also be made 
to stop a crank angle by controlling closing motion of induction-exhaust valves 40 and 50 in the 3rd 
operation gestalt fiirther by controlled and using the decompression-device device 102 in the 2nd operation 



[0120] Having engine automatic-stay / starting function, since an engine can be restarted according to each 
operation gestalt of this invention, without using a starter as explained above, the operating frequency of a 
starter motor can be stopped and the dependability of a starter can be raised. Moreover, the power used of a 
starter can be saved and fuel consumption can be raised. Furthermore, by the engine shutdown at the time of 
an idling, an unnecessary idling can be prevented, the amoimt of exhaust gases, the noise, and vibration can 
be suppressed, and fuel consumption can be raised. Moreover, a possibility that an engine speed may 
decrease and starting may go wrong by the work of compression of another gas column which is in a 
compression stroke at the time of combustion of the first gas column disappears, and smooth starting can be 



[Effect of the Invention] According to this invention, engine self-starting is attained, without using a starter. 



[Translation done.] 



gestalt. 



performed. 
[0121] 
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[0 0 5 5] i^i6t;l^v^rv^/j^v^^5g^TS<^^«^sfo5 

^-a^lciti. s 2 7 5 ^wiQV^T. =3 >- h u — yuj^. 

^>^^^^#fii1-5o l-3-4-20#^fgJ(DWl-C^ 
So -tUT. ;:^7'y:7's 2 4 0(CM!9. >^X5/7's24 

0- 5 2 5 o^^tri-sd ticj: m3m.i^(om\m. 
[0 0 5 6] dcT-. mzfs,i^fimm.^m<o^. ffiifiitr 

^trfe^otl. ^4^t^-CfeSo m4^f^l::Ji. y<;\yz/ 

%:y^m^'^^mm4 4\'xm^x\^^t^\^^ti}h. ^3 
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11 

1 5o ^ib^^^t-Hx ;^T'::/ys280, s285C0 
[0 0 5 7] w^T. jg6$:^V>T. -blzE L^*:||lfe?i^ 

h^o El6^::^ov^T. ^niiji. mm mm.) ^^urvN 
5o ^/d. mmt. mi. ma. m2co«-^^^ 

[0 0 5 81 ^1 trm-efi. H 1 MfSd5fl^§gtTSi-fo 

:/s 2 4 5. s 2 5 0<7)^SiCj;D, mi^fS-C^^ot 

[0 0 5 9] minmxiimtm^vfj:t)^^tzm 
^xh. m2nmx^t. msm^mmmnrnt^ji^xis 

9, m4(D:^y^yy s 2 4 5, s 2 5 0(D^m\Z^fO , 

m\^^*>. ^^:y^->'^-y h}'±mm^itbi^x\^'^^tift. 
m4^m<DEEmt){cnhm^x. ithmf^^\^m< z 

[0 0 6 0] ^±(Dmmx\'X. ^<^i^zf^^ 
mn'^^mm4 4i±. m3nmi,^(o?^^nx^^^K m 
4%m\chnnxi^^\^^h<ox^^. ^in\zj:^Xs m 
2nu<Dm 4n.m<DjEmrfm'^. ^j^zmnuti-^^ 
tt}^x^^(Dx\ ithm^x^mm\^'t^:Ltt^x^ho 

ji^^mmn^. mTLVi. ji^/^mjio° (tdc-io 

[0 0 6 1 ] ^rr\ HT^^iNT. :^mmi^m\^^^ 

oi >' >'i^iii^g {c J; ^ oi V? j&i^^<^>:3i > :^[p] Ic 
com 1 co^J&?^tBlcJ::5^>'v^>'^iSiSSJ::J:5^>^:^ 
fe«»o El 7 (A) tt. 8ll6tc^r^$:^L. mm^i^^^j 



(7) # M 2002-39038 

>'IH]feS:^^Lrv^5p (§17 (B) Ji. «$6i;i^PH^?r^ 

[0 0 6 2] 1§17 (B) ^;l^BV^T. ^MGlfl. 

^x^^mmm(o^m^^^xm^i'^ v^^^^^^f^x^ 

Tv^5o mi (B) lc:*3V^T. fl5jiaG3oldJl. 

miSlfTS{cfe-6m3^t^lcJ:oTf^^^H5 h/UiJ^^^ 

70 Sh^U^Gl«. JGEjffitTmi-3b5m3^<SlCj:o-C h^U 
>^G 3oldt UrmS^^^o S17 (A) {C^oVvT. ?S 

[0 0 6 3] — [37 (B) ^:lj^V^-C. ^i^GSnew 

?2^3l5<^E£fiih/U:J'G3oldct?) t3/^^V^rcla6. H 1 ftffi 

ms^t^ldcto-C h/i^iJ^G 3newt;iJ:oT^^{cfim* 
^i^/j^v^^<D-efeSo 1^7 (A) ^c*3V^-c. ^j»Fnew 

^w^^mx^^m\^^co=i:.>^j'iymm^<r>m^^ 

tc<STi-5wtJ^^<. »:tDm3^15(7:>^^h;W'i;^ (13 7 
(B) (0%mG3x\&^) tcJ:or^t^_b#i-5:fc«>> -31 

5<? [0 0 6 4] J^JiKP^bfcJ; 5»-. 

^mm^m7LX\i^^'\^(Dt^-h^ , t^t^^:x,:y^j>'x 
[0 0 6 5] m^. m 8 Rtj^i^ 9 ^^l^T. 

2 J: :b^>^J':y^W&m.(omm^-:>^^XWi 

^-^:/n :y iJ^m-CfeSo ^^*3x Ell ^IrI— ^f-^fix IrI— 

[0 0 6 6] mx(ommmm\^^\^^xyi. k^#4 0;65 
50 mm4 4\±m^x^h'r. ft^Dtc, »^#5o<D«y 
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JS 

tc, aas^* 1 0 0 Rxf7'=2 i^ymm i o 2 ^m^x 
m^f^^ 1 0 0 z^Tj^x 3 >':^mm 1 0 2 sjffi^Tm»c 

[0 0 6 7] *^ife?f^fti-eii. eastfmcifcs^i^ia 
[0 0 6 8] fttc, Ig9s^fl|v^T; :$^mmmm\^x^3L 

m 2 oUtSJ^ffi tc J: 5> 31 > i^ifeKSB <o =» h n - 

^^r— hTfe^o 1214 lC^Lfc:7o— h ^ 

[0 0 6 9] = >' h o— h 3 0 Afix ^9<D:^ 
T-^yZT s 2 0 O'-s 2 2 OJ;i:fcV>r. ^^v^V^^ib^ 

-r >;/:^s 2 3 0 i:l^oV^Ts =J V h n — /u^l— }> 3 o A 

iJ'^tOtf^ (|§i2<75;^7^^^:/s 1 5 0^w*3V^TiB1gL^ 

[0 0 7 0] ;^X5/7's 2 3 5 AIC*5V>T. = >^ 

h D -yu^n h 3 0 Afl. 7^=1 ^'Z/mm 10 2 ^rl&f^ 
^-^T. IS^^UfciJ'^ Vi^:^. m:PL\^. Ji^^^ffi 1 om 

(TDC- 1 0" ) t;i^<^5^-e. mmw^^i oo^m 

[0 0 7 1 ] fi^^ mm¥^i^i 0 o(Dm^mn. 
j^. ±^^.mi om (TDc- 10") (om^i^t l-c 

5 i: ^ ;ct±. m s ^t§josajsm# i o o 

^^^^x ^(Ixf^. ±5E/^f«j3 0° (TDC-3 0'' ) 
l.X&mEEtl^±\f^ X ^ \zi-:b Z tt^X^ 
^^b/i-^;6S^J;^<?VNt «t!jg^^#10 0 

Ogflffi^ffl^, m^l-i. ±^^.fu2° (TDC-2° ) g 
h^Xs Km&:ti^i&<i'^Xo\^^'m't^:^thX^ 
So BP*>. Mi^13io^^S!i^>:'7>':J'^trjSDT. ±^ 

^IU30'* (TDC- 3 0" ) ;6^b±^;^Bf| 2** (TD 

c-2° ) commx-^^T^zt-hx^^o 

[0 0 7 2] UiT. = > h o — y h 3 0 Afi. iSl 
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4 0;:^X:y:/s 2 4 0 — 2 8 5 O^SiSrlltTi-S C 1 1- 

i!?. ^iM®<D^^^«^^$it^)CtlcJ:?). 
$r^^$-frSo JEifiltTmi-fc^^3^1K«. 
««}»ia#l 0 0;65MV^XVNSfcs6lcEEi^ff:^^5T;^,5 5 

^*<. ^3^fSoJEfi|±3fE^^Sx.2»Cli:J::J:!). ^ 

2 8 0, s 2 8 5 0^S$r^T. »? 
10 5o 

[0 0 7 3] jeiJi<?:)^^"CJt . Mtbf^M# 100 

S.i;tf^3>'7'a^l 0 2Ji. W.3^m^<Oh.'^\^X'^^ 
[0 0 7 4] J£il±»5^L:fcJ:5t-. 

20 So i^t^. m%^^m\^'^xwtmm:ff^^->v>-yi^\:i^ 

Ztt-X^^o 

[0 0 7 5] lai 0-121 1 2^ffiV>r. 

^ 3 (7:)^:^?f^T^(r J: s ^ >'i^ vi^«^g^7)^^l-<:»v ^-c 
^IfSff^ffitl^^t-. ^J;tti> i-3-4-20*tlfiiiO 

mxi^ik'r^4^m^>'i^>'tu gE^it{cffiv>s^ 
fii^mmtst-rso ifcioiw. ISlo^ffiv^-c. ^mm 
30 mm\zx^ziL:^i;^i^it^mmm(o±»mmz-:^^^xnm-r 
So i2]iof±. :^m^M(Dm3<o^mmm\^x^^'^i^:y 
itmmm(o±i^m^^^-r:^^v^^mx^^o ^.t*5. @ 

[0 0 7 6] ||l2SlU^^2<^^tfi?gffi^w*3V^-C^±. ffiai 

v^So ^(oitib^ :$:mmmmz^y^^xn^ pa^#4o 

fd. g^^#5 0fi. ^g!/NVU':/^-r^>'i5<««5 6^<i 
-#0 X.rV>So -ei^^^/UTT^^^^r ^ V^1»1fl4 6. 5 6Ji. 4 

fl^<DX^^. h >FU3.:=:>;/ h 3 0 Bd^^OflJ^ 

[0 0 7 7 ] ^^mw^mxi-t. ^^\'±rfU(omo 

50 So 



75 

[0 0 7 8] 9:1c. mil Rrjm 1 2 ^^V>T. 
J:^^>i^:^*^i&^(D^fflii^^tcov>TK?^i-5o Ell 

tC, :^T-yZf s 2 3 5 B, s 2 4 5 B. s 2 5 0B, s 
2 5 2, s 2 7 5B(D^m^m^^mii^^^o 

[0 0 7 9] ^it. 1211 2 :^mm(r>m3(ommmm 

coi^^isi-e&^o mi 2\z$6\^^x. m^n. in 
m) $:^LTv>5o ^it. mmt. mi, ms, ^4. 

m2(D^^m^7r:LX\^^^o 

[ 0 0 8 0 1 121 1 1 (OP^y" :y:rs 200--s 220 tC:io 
VN-C. ho— h 3 0 BH. >- v^>'Si^tt 

i-^o :^Xy:7's 2 2 0{C*5V>r. nvha — 

h 3 0 BH. tK^^^ Tminj&LJi;i)>§d^^*J®T 
U :3^>'i^>'7fc^gL;&5{£v^S^^;l^i. :^y'iyzfs 2 2 5 
iSV^T. =1 > h ;u;x- h 3 0 Bti. — ^U;:^ 

[0 0 8 1 ] 7km.f>^Tmin^±<Dm^\:i\'±. 
ivrT's 2 3 0 BtCjBV^Tx = h n — /u^:=. >;/ b 3 0 B 

r^'^^tf^ (IlI2(^>;j^T->;/:7^s 1 5 0^c:fcv^rf^tSUfc 

[0082]^jr, ;^7^:y:/s 23 5BtCjBV>T. =3 

hu-zu-n-ri^^ h 3 0 Bfi. *^il^^c:^v^^>(D^s^lmt^ 

/■^:7'/^^5^-< ^>>/1tm4 6, 5 6^^je»UT. Pii^#4 
O^TJ^S^^^S O^KD^o 

[0 0 8 3] T.T-^yrf s 2 4 OtC*5V^T. 

D— vTL^JL- 5, h 3 0 Bti> ;^7^5/:r s 2 3 0 BIC*5V^r 

Rt#^l:t3^</,f?)o ro^*4Pt^Sfi. mitlf^lc^-r 
S^JN-'SMST-fo^tiD^lc, ^4miSi-*j-i-^^JN'Pt 

[0 0 8 4] TsT-^y-f ^ 2 4 5BtC;fcV^T^ = 

hi:7--^U::a.-^y h 3 0 Bti. ^5|^Rtl^# bT . II 

i^f§JS.u^^4^f^<7>v'i; vij^F^tc, :^j-vzr % 2 

[0 0 8 5] i^iC, :^'r-yZf s 2 5 0 Bl;i*3V^T^ = 

hu— ^^3.^5/ h 3 0 BJi. -?^7"->:/s 2 4 5 Bt;iJ:6 
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16 

i^SiS^. mifat^S.TJ^Il4^f^lC^jX^tb^;;cfi-§-^ 
i^D. ^i;c:?^7^6 0-e;*^iA:i;c:?E$rfiirfUT^.;Aci-^^o 

fi.TJI|4^t5r'l^^tC^:^1-So 

[0 0 8 6] cci-c. mi 2\z.7f^ir^b\^. fgitrS-e 

m3^®{iil^<^iE^tTm-C3bSfcJ6. h/u^;65m 

[0 0 8 7] 1^:1::, ^"r-y^ s 2 5 2JCioV>T. =3>' h 
D— /ur2.r::o; ^ 3 0 Bfl. ^ 2 ^T^^^Jl^T Ufc;6^S^;b>^ 
^Jl^rSo if^TUTV>/^VN:^'a'l-ti. ;?^'7^:>'^s 2 7 5 
BfCii^t^, *^T-r^^. T.'r-y^^ 2 5 StCiitfo 

[0 0 8 8] ||ltTm;65j^T U/::^.#.T'f;i. ^2 
^TS^i)^TL.TV^/^V^fc^s!>. ^^x^y^^s 2 7 5 B^;l:ii3V^ 

SSiJtD^I^ONo ^^^^^^R^i-^o 1-3-4 

- 2 <7>^m^t7:)iiiT-,*c^-r^ 4-^1^:11 ^'v^^^i: u iB 

^ib ic^ V N MM 1 mt^ ^^i;^^ 4 MIS L 

ft (;iJ^!StTS i: 5 o 3 M1tiS.U«^ 2 Mia r*fo S o 

^x^y 2 3 5 B IClM ^9 . P^'r y s 2 3 5 B-^ 
s 2 5 OBSr^tT-r^)wl:iwJ: 19. m3MiaZ5.U^II 2M 

o-r. [216 t;i?^L:t^?Jl;ntt:-<r. J5^5S;b^iW^ bT. ^ 
lMfiJRT^m4MfiiIiSNMtTm-Cfo^:fea?>. h>^u^ot^ 

[0 0 8 9] m2nu^mT-r^t^ ^v">>:7^s 2 5 5 

|C*5V^T^ =>' hu— b 3 0 BJi. 
2 8 5icm^. 

40 2 7 0 Iwjltfo 

[0 0 9 0] =^>^J>^(D^mt^f^^\^tL^^\^\'t. ^^'r 

y-/ % 2% ^\Z.^\^X^ h cr — /U^a.;::-; h 3 0 B 

[0 0 9 1 ] —-^j. s 2^ ^ (DVi-^X. ^^t^ 

^'^\.fi:t^-:>1^h^m^^^h. :^7":y:/s 2 7 Ofdio 
V^T. =2^ h n— 71^:3.:=:-/ h 3 0 BJi^ — t^U;^^^ 

[0 0 9 2] 121 1 2 \z.7^'^mX\t. M I ffUt^h 

50 xn. m4M1^^x «»jg|^r^^U3^.&v^p^M^TS (i^T. 
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77 

^i^^^-f-^o ::ixi::ctl9. -^^^p-frTi^y :/yf^(7:)lf ^ 
[0 0 9 3] /jriB. ±i*<oiftig-cn. SI 1 2 f::^i-i: p 
h D— ;u:xc^:y h 3 0 B;65^ ^ ix^;!^ 

[0 0 9 4] J[^_bt$iBJ L/^i 

[0 0 9 5] Ell 3-I2I1 5^ffiV^T. 

^ 4 (7>^tg?f^8l i: 6 :x (7)«^ V ^ r 

%imMhnmz.^ i-3-4-2(7)«-^isj(7> 

So Ell 3ti. :$:^P>^com4C0^:^?f^fli(cJ:5^>t^>' 
[0 0 9 6] ^3(^|llg?^flgJCiBVNTJi> |^^{C2o<D 

[0 0 9 7] ^(Dtzlh. *^ife?l^ftlt;i*5VNTJis ffitbP^ 

^#1 1 o&T/jir^i^^ 1 2 o^{ixrv^5)o Mtbsa 
^#11 ofi. ^^-^\>^:^fhm<o^\z.mmfm.\:i^^ 
^i^oK^^sy-efcoT. ^T^:y^ 1 2 o<Dmp<7>&s 
lc|S:^^bi^Tv^s, MIIjp^^^i i ofi. T>:?^^ai- 

^11 2\:L^^Xmm^h.^o T^^^ai—^ 112 

3 V h n— yujr- h 3 0 etc J:or^!im»$iX'5o 
[0 0 9 8] ^^Tc. zxLr^:^'^ 1 2 OP^lCfi. niT33f>' 

y 1 2 2i;li:or^}Dffi$^^fc^T;!|5Sa$nrv^5o so 



#^2002-39038 
1 2 0 <D^U(Dmti\'t. iE:^ir:xlM 2 4 lei 
i^5o 4 211. i^y 2 Of^Jc. 

1 2 2fi. ^J^J^. :^(Si<7)i^ji^{c^it)$6lc^j^LTf^ 

1 1 2 0i^it]t;ii: $:f2^(7:»^:/v^>':7'ix— iSr^lci, 
ti, aiTJt?>'7'l 2 2H^'^BJ^i^:?i?<TtiJ:v^tiC^■Cfo 

flffiSS^LTV^5o 

[0099] 1114 RO^ia 1 5 ^ffiV>T. *lltg 

J:S^>^v^>^^^ilj^co^!j^^f^^(:ioVNri5iB>^-rSo Si 
4ti. *^PJc^^4co^M?f0«|lcJ;S^>'i^>fet!i3Sa 

IC, J^T^^/ZT's 2 3 2, 234, 240 C, s277. 

s 2 7 9o^^F^^(;i#m;5^*feSo 

[0 10 0] nfL^ 1211 5 i^^m<DmA(D%mm 

J: s:3i vi^^^'^feSi^iSl-J: S^i^-v^vi^Si^o^tTS 

U) iSr^Urv^So ^fc. ^1. ^3. m4, 

||2 CD#^1S^^LTV>5o 

[0101] 12 1 4<D:^r'v:/ s 200-^8 220 tc^o 

VNT. nJ^' bn— h 3 0 CH. ^>-v'>'^^itl 

■f-So ^<o^. ;^x^;':^s 2 2 0{;i*5VN-Cs =i>-hn — 
;U:x-:y h 3 0 Cfl. ii^mLt^Tm\n^J.±f)^'^t^^mm 

^>v^>-7K^g.^5ig:V^®'a'^;lfl. ;^7^5/:/s 2 2 51:: 
:^V>Tx =3 h n— h 3 0 C*±. — i^u:?^ 

[0102] — ;kia;6STminJejL±(7:)^i-a^l::tl. 
.y:/s 2 3 0^::*3V^r. =3 h n— /ua. - h 3 0 
31 i^^of? jh Nf(;i|S« $ i^T V ^ -6 J^ii) B# (D ^ ^ > 

tDtt^ ([2l2cO>^7'5':/s 1 5 0^;l*5V^T|21gLfctt 

^) ^#B^-rso 

[0 10 3] ;^T-5/7's 2 3 2JC*5V>T. ^a^' h 

o— /uj.- h 3 0 CH. ^r^:y^ 1 2 O^T^P^JE^rJE 
:^-&>'1^ 12 4 IdJioTt^mU. =3 V h D-/u:3.ri5/ h 
3 0CHIBtti-So >5e*3. Ts^-^yyTs^^^fxfiiow^ 
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10 10 4] 9:\Z^ ^x^yT's 2 3 2(Ci3V>T. 
n-yu:i^>;/ h 3 OC\t. TtJ^^^^i— ^ 1 1 2 S-fi^^ 

[0 10 5] :^'r y'f^ 2 4 OC^c^oV^T. =3:^ 

h n— /uzr- ^^ 3 0 C»l. ;^7^:y:/s 2 3 0 l':fc*V^r 
#B^L;t^7>^:^'^SO«;^X:y7's 2 3 2-C«l£ii • lEtg 
L^h^T^v^ 1 2 0Of^ffii::S-:5v>T. ^ittfiJF^o 

[0 10 6] 7.7- v-f^ 2 4 SICjBV^T. h 

i:7-7U:x-o, h 3 OCfi. WmM^^W^X^X. Si 

^l^oi^i; >-yF^{c, ^T^^/tT's 2 4 0 c-e8t:£L:fc:pe 

[0 10 7] mz.^ -Xt^^'I/s 2 5 D^;li3V^T. ^l^Y 
□ :y h 3 0 Cti. ;^7^:y>^s 2 4 j;5^)|£f 

ig^. Si^fS!tc^;Ac{t^^i£«9v ^Ar^'^i/eOT^ 

[0 10 8] wC-e. !§li 5(c^-rj: sitrmr- 

<75fli3StTm J: 9 t>ffi^3i:^*5:;fc#/j^ii5JEB^§I (E! 1 5 
fl. [^51] i: L'CI§I^Lrv^5) t^.^ t). ^^^-rs h;^ 
1^<OffiffitTmr-fe^)fci^>. Si 

[0 10 9] ;^'r:y7's 2 5 5 ^w*3V^r > 3:^ h 

[0 110] 3i>-i>voi6Ki^5^5bb^S^{::Jl. t.'t 

[0111] — :^'rv'f% 2 5 5 (^)2|^J^^-e, ^&ib*5 
^$bL<^;6>ofct^^JI^$i^S^. ;^7" :>/ s 2 6 0 

<f V^B^5inm4^^^?:>iS^?:^ ^ 7 ^^iJ' ^ ^5 ^ 5 ;6-S 

fl^ '7^^^'h<D^'^t^fX:y^fh\l. ^X>>'>^s 2 7 OlCai 
=i>'hn— /u^:=^5, h 3 OCJi. ;^ ^ — u;^^© 

i:, 2 7 5 tdiltpo 

[0 112] *6ib^c^v^rv^/j^v^a^3S^Tmo^1^;6Sfo5 
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S-^l^fl. ^^X^y^^'s 2 7 5 t:lii5V^T> = >' h a — 71.j=l 
:=^:y h 3 Oil. ^fei^igtrmJ-fo^SUO^faoN o i: ^ 
7>'iJ'^S:#B§-r5o 1 - 3 -4 - 2(75#ftfacom-C^ 
;^i-^4StS3L>^t;^>'i:U eB^^tt(c^v^5lafSS:S 
i^i^^Ufc®^. SitlfS<7?^^:lc]^?IfTmi:^.f^oii 
%Z%MX^^<DX^ m3M,^(D^ y^ii^^^^mi- 

[0 113] ^^Ci. :^r'^yr^s 2 7 7tc*3VNT. =i V h 
a— h30CH>^T^>'^12 OOf^JE^J^^ 

2 4 oc~ s 2 5 o^^tri-^c^tcj: tp. Ss^fgjc^ 

«a^^#i 1 oJi. S3^fi5^ct>12:{'t^bi^Tv^^e 
[0 114] ^fc. 3iT^ v^(DrtJEd5S2p«Sl-^S:tJi? 
. v>S-g^|::H, :^X5/>^s 2 7 9^cioV^r> s^^ha-^u 
h 3 0 Cft. a^T/J^^-:?'! 2 2 ^ibf^^-frT. ^ 
T:$^^>^ 1 2 OF^ICjEj^^M^^^r^o 
20 -yZfs 24 OC^ZM^. :^^^yy^s 24 0C-'s250 

[0 115] J|$JL_b<^J: pt-L-C. S«iPi^^#l 1 Od^^ 

tt^iSf-^^^vy ^^2 0F^j::^A-rs^-e. vy^'^ 
2 o^^coSLi^^^jeiii-^c2:7&5-e#. ^^^^^^t^^^^E-a^ 

[0 116] ffit!3ffi^#l 1 OJi. 

tL;6S^ 1 ^mx^^ t # l::f^S 3 ^^{zcD^n^^til^B: 

Si^^^;65fe'5o "tCOm^X-h. air^>'i5^ 12 0. 
, 12 2, >1M 2 4 H 1 o-e J: < . ffl><r co 

i/y >'^--coiSl^^^tt-ei^{l;tttf^J:v^t,^o-efc^o 

[0 117] i^±t$^^n\^fzx^{z^ ^mmmm^zxti 

[0 118] fj:^. ±m<o^miMmmxn. ^hi.x4 

mM-r^mm^m^x\^^M^. ^ti.x 2^m^±(D::^ 
'^i^>^xmm(D^^^m\^\ ^3k^n^:ztt^^x^^. 
i^ti^ ^^<otiit>\z^ 1 fsi^^mmzn^n^^:^xxj^M. 

1 tc^Jp^Pt^io X U^^.>:1-o c t fi ^ A^^ig-Cfo 

[0 119] #^:fe?F^ftgt ^> ^ h^yy<9 0\zX 

V. ^>^i^>^t:mU^{z±tb^m^tl.tzt)K ±BSOi; 

50 o\zmmzmm^zm\^^^f5,m^mmi.^j:^^in^. ^"7^ 
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21 

to 1 2 0] i^j.±nmi.f'X :^^^(D^mmmi& 

[0121] 20 
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